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54) PERPENDICULAR MAGNETIC RECORDING MEDIUM 

57)Abstract: 

'URPOSE: To provide a perpendicular magnetic recording medium which 
tas a superior recording/reproducing characteristic and which has high 
ecording density, by permitting an intermediate layer to contain Pt and/or 
*d, and setting a magnetic layer to be CoCr alloy. 

CONSTITUTION: A soft magnetic layer 2 of NiFe alloy and the like, which 
as high permeability flux, is formed on a non-magnetic layer substrate 1 . 
hen, an intermediate layer 3 containing Pt and/or Pd is formed. A 
lagnetic layer 4 constituted of CoCr alloy is formed on the layer so that 
he C-axis of hexagonal system being the crystal structure of the alloy is 
riented perpendicular to the film surface. Then, a protective layer 5 
Drmed of oxides and nitrides of carbon and Si are formed on it. The 
hinner magnetic layer 4 having satisfactory crystal orientation and crystal 
article size can be formed in the presence of the intermediate layer 3. 
Consequently, the perpendicular magnetic recording medium of high 
acording density, which has high coercive force and has a superior 
acording/reproducing characteristic, is provided. 
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NOTICES* 

PO and NCIPI are not responsible for any 
.amag.es caused by the use of this translation. 

.This document has been translated by computer. So the translation may not reflect the original precisely. 
.**** shows the word which can not be translated. 
.In the drawings, any words are not translated. 



:laims 



Claim(s)] 

"laim 1] The vertical-magnetic-recording medium which said record magnetic layer is a CoCr system alloy, and is 
haracterized by an interlayer containing Pt and/or Pd in the magnetic-recording medium which comes to carry out the 
iminating of a soft magnetism layer, an interlayer, and the record magnetic layer on a nonmagnetic substrate, 
"laim 2] The vertical-magnetic-recording medium according to claim 1 whose record magnetic layer is a CoCrTaPt 
/stem alloy. 
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>ET AILED DESCRIPTION 



Detailed Description of the Invention] 
)001] 

ndustrial -Application] This inventions-elates to the vertical-magnetic-recording medium used for a vertical magnetic 

wording. 

)002] 

Description of the Prior Art] In recent years, the thing of high capacity is called for also for magnetic recorder and 
producing devices, such as a hard disk, with large-capacity-izing of computer software. Moreover, the dependability 
f the high density recording characteristic of a magnetic recording medium or record reproducing characteristics is 
rongly demanded by the miniaturization of a personal computer. Vertical magnetic recording is a method which 
jcords using a vertical-magnetic-recording medium in which an easy axis carries out orientation perpendicularly to a 
tedium side into the record magnetic layer (henceforth a magnetic layer) of a magnetic-recording medium, and since 
e anti-field in a bit is small and record reproducing characteristics do not fall even if it raises recording density, it is a 
ethod suitable for high density record. As the quality of the material of the magnetic layer of a vertical-magnetic- 
cording medium, the CoCr system alloy is usually used. This CoCr system alloy has the close packed hexagonal 
ttice crystal structure, and has the description of being easy to carry out orientation of the C shaft of that crystal 
?rpendicularly. 

♦003] Although the moderately thick thing of a magnetic layer is desirable for generally obtaining a big playback 
itput, if a magnetic layer is too thick, head field distribution will spread, or recording density falls by the reasons of 
e magnetization saturation of a medium becoming difficult. Then, in order to obtain high recording density, it is 
jmanded, and making a magnetic layer thin is examined variously and it is reported. For example, it is 0.1 
icrometers about CoCr record layer thickness. There is a report of the bilayer type hard disk medium which made it 
in and strengthened the magnetic interaction (Fujii, Muraoka, Nakamura: "examination of high-resolution-izing of the 
ird disk medium for vertical magnetic recordings", television study technical report VIR 93-3, 17 (1993)). According 
these reports, a moderate playback output and high density record are attained by making a magnetic layer thin, but 
a magnetic layer is made thin, since an anti-field will become strong conversely, the problem that record reproducing 
taracteristics fall occurs. In order to have prevented the effect by this anti-field, the coercive force of the magnitude 
hich can overcome an anti-field was needed, but as mentioned above, there was a problem that recording density fell, 
ily by thickening a magnetic layer. 

004] On the other hand, although many things are examined since the presentation of a magnetic layer also influences 
■ercive force, in the present condition, CoCrTa and CoCrTaPt are known as a big presentation of coercive force, for 
:ample, there are the following reports. ** Tamai and the other; "Ta addition effectiveness of spatter CoCr film" **** 
chnique MR88- 12, 33 (1988), ** Tachibana, and others; - "-- high record - resolving power - production" 
agnetics Society of Japan Vol. of a CoCrTa bilayer film hard disk medium - 16 and 75 (1992). The thickness of the 
yer in which the magnetic layer of these CoCr(s) system alloy is usually formed by the sputtering method etc. is 
ually about 50-100nm. In order to prevent recording density falling for the breadth of head field distribution, or the 
fficulty of magnetization saturation as mentioned above, the thinner one of the magnetic layer was good, but when 
e thickness of the layer was thinner than 50nm, phenomena, like turbulence and the diameter of crystal grain of 
ystal orientation become small too much happened, coercive force became small, and there was a problem that 
ickness of a magnetic layer could not be made thinner. 
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0005] • 

Problem(s) to be Solved by the Invention] When this invention forms the magnetic layer which is made in order to 
olve the above troubles, and consists of a thin CoCr system alloy, the interlayer of a magnetic layer and a soft 
lagnetism layer acquired the knowledge of influencing particle-size control of the turbulence and the crystal grain 
hild of the crystal orientation of a magnetic layer, and it examines many things about the quality of the material, and 
ame to complete this invention. Namely, this invention has outstanding record reproducing characteristics, and aims at 
ffering a vertical-magnetic-recording medium with high recording density 
0006] 

Means for Solving the Problem] This invention is a vertical-magnetic-recording medium which comes to carry out the 
uninating of a soft magnetism layer, an interlayer, and the magnetic layer on a nonmagnetic substrate, and said 
iterlayer is the vertical-magnetic-recording medium by which said magnetic layer is characterized by being a CoCr 
ystem alloy including Pt and/or Pd. Moreover, it is the vertical-magnetic-recording medium characterized by said 
lagnetic layer being a CoCrTaPt system alloy. 

3007] Hereafter, this invention is further explained to a detail. Drawing 1 shows the structure of the outline of the 
ertical-magnetic-recording medium of this invention. The nonmagnetic substrate 1 can use that to which degrees of 
ardness, such as aluminum, an aluminium alloy, glass, ceramics, plastics, carbon, and silicon, can take out smooth 
ature easily highly, and corrosion resistance is usually superior. The smooth front face is made to the nonmagnetic 
ubstrate 1 by the chemical approach, the mechanical approach, or the physical method, or the texture ring which has 
oncentric circular irregularity after that is formed. 

)008] The soft magnetism alloy which has high permeability, such as CoZr system alloys, such as NiFe system alloys 
ich as NiFe, CuMoNiFe, and NiFeNb, and CoZrNb, a FeAl system alloy, and a MnZn ferrite, can be used for the soft' 
lagnetism layer 2 formed on a non-magnetic layer substrate. 

)009] The interlayer 3 of this invention can use the ingredient containing Pt and/or Pd. The content of Pt and/or Pd is 
j desirable that it is high, and although the gestalt may be mixture or may be an alloy, its metaled condition is 
esirable. Although this interlayer's thickness has good 2.5nm or more, 2.5nm - 20nm is preferably good. An 
iterlayer's formation effectiveness has small little coercive force of the vertical-magnetic-recording medium by which 
le magnetic layer was formed in less than 2.5nm, and since a spacing loss will increase not much greatly as for the 
improvement in coercive force and a playback output will hardly increase considering the increment in an interlayer's 
uckness if larger than 20nm, it is not economically advantageous (a playback output shows as a value representing 
;cord reproducing characteristics hereafter). 

)010] It is the description to be formed so that a magnetic layer 4 may use CoCr system alloys, such as CoCrTa, 
oCrPt, and CoCrTaPt, and hexagonal C shaft which is the crystal structure of the alloy may carry out orientation 
srpendicularly to a film surface. Although the thickness of a magnetic layer is generally lOnm - about lOOnm, it is 
ssirable, 15nm - 55nm is at best still more desirable, and 20nm - its 50nm is good. When smaller than lOnm, coercive 
>rce is small, and since as for the improvement in coercive force a spacing loss will increase and a playback output 
ill hardly increase not much greatly if larger than lOOnm, it is not economically advantageous. By forming the 
iterlayer of this invention, although a magnetic layer was not able to be made thinner than 50nm for turbulence of the 
ystal orientation of the former and a magnetic layer, or the difficulty of control of the diameter of crystal grain since 
>ercive force declined, it becomes possible and the effectiveness is especially remarkable. 

)01 1] The protective layer 5 is usually formed by oxides, such as carbon, and Si, Zr, Hf, Cr, the nitride, carbide, a 
/dnde, etc. Moreover, a lubricating layer may be formed in a protective layer front face in order to receive the ' 
ibricity of a protective layer. 
•012] 

•unction] In the vertical-magnetic-recording medium of this invention, the interlayer who consists of the quality of the 
atenal containing Pt and/or Pd is formed on the soft magnetism layer currently formed on the nonmagnetic substrate, 
id the magnetic layer is formed on it. Under the effect of this interlayer, the thinner magnetic layer which has good 
ystal orientation and a diameter of crystal grain can be formed. Thereby, it has high coercive force and the vertical- 
agnetic-recording medium of high recording density which has outstanding record reproducing characteristics can be 
jtained. 
•013] 

•xample] Hereafter, with reference to an attached drawing, the example of this invention is explained concretely. 
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)rawing 1 is the sectional view showing the configuration of the outline of the vertical-magnetic-recording medium 
oncerning this invention. 

)014] (Example l;No.l- 3) On the aluminium alloy substrate 1 with the outer diameter of 95mm, a bore [ of 25mm ], 
nd a thickness of 1 .27mm The soft magnetism layer 2 (atomic % shows the empirical formula of a soft magnetism 
lyer and a magnetic layer hereafter) with a thickness of 7 micrometers of nickel80Fe20 is formed with plating. On it, 
le magnetic layer 4 with a thickness of 55nm of Co80Cr20 was formed in the interlayer 3 of Pt with a thickness of 
nm, and the pan, the carbon protective layer 5 with a thickness of lOnm was formed in the pan by the sputtering 
lethod, and the vertical-magnetic-recording medium was produced (example l;No.l). It is Co78Crl7Ta5 about the 
resentation of a magnetic layer. It carried out and No.2 of an example 1 and the vertical-magnetic-recording medium 
f No.3 were similarly produced except having changed thickness, as shown in Table 1 . 

)015] (Example of comparison l;No.01 -03) The vertical-magnetic-recording medium shown in Table 1 was similarly 
roduced except not forming an interlayer. The approach of showing below the magnetic properties and the playback 
utput of a vertical-magnetic-recording medium which were obtained in the example 1 and the example 1 of a 
Dmparison estimated. When the presentation of a magnetic layer and thickness are the same and the case (example 1 
fa comparison) where there is nothing with the case (example 1) where there is an interlayer of Pt which is 5nm is 
Dmpared, coercive force and the playback output of the direction of an example 1 are large, and it turns out that it 
tcels. Coercive force is advantageous when the larger one obtains the vertical-magnetic-recording medium of high 
wording density, but since it is used in the various range, it is the same coercive force and it can be said that it has 
tagnetic properties excellent in what has a large playback output. That is, not only the coercive force of a magnetic 
yer but the effect of the thickness of a magnetic layer etc. receives a playback output. Usually, if the thickness of a 
tagnetic layer becomes large, even if coercive force becomes large, a playback output will become small by the 
>acing loss. 
>016] 
fable 1] 

gjfctil 1 ( No. 1 - 3) RUit&m 1 (S« No. 01-03) 
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017] (Magnetic properties and measuring method of a playback output) 

s The measuring method of magnetic properties : coercive force was measured with the Kerr effectiveness 
easurement machine (impression field 15kOe). 

: The measuring method of a playback output; the playback output of a medium is the quality of the material CoZrNb 
id the width of recording track of 7 micrometers. It measured on peripheral-speed 4 m/s and the record frequency of 
5MHz using the single magnetic pole mold head with 40 coiling, contacting a head to a medium. 
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X>18] (Example 2;No.4-l 1) the presentation of a magnetic layer was set to Co68Crl5Ta4 Ptl3, and except having 
hanged thickness, as shown in Table 2, it was alike like the example 1, it carried out, and the vertical-magnetic- 
;cording medium of a configuration of being shown in No.4-1 1 was produced. Magnetic properties and a playback 
utput were measured by the same approach as an example 1 . The result is shown in Table 2 
)019] 
rable 2] 

mt&M2 < No. 4 — limVikVtm2 (No. 04 ~ 09) 
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•020] (Example of comparison 2;No.04 - 09) it was referred to as presentation Co68Crl5Ta4 Ptl3 of the same 
agnetic layer as an example 2, thickness was changed as shown in Table 2, except not forming an interlayer, it was 
ike like the example 1, it carried out, and the vertical-magnetic-recording medium of a configuration of being shown 
No.4-1 1 was produced. These magnetic properties and a playback output were measured by the same approach as an 
:ample 1 . the result is boiled and shown in Table 2. When the presentation of a magnetic layer and thickness are the 
me and the case (example 2 of a comparison) where there is nothing with the case (example 2) where there is an 
terlayer of Pt which is 5nm is compared, coercive force and the playback output of the direction of an example 2 are 
rge, and it turns out that it excels. Especially, the thickness of a magnetic layer has the large coercive force of an 
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xample 2 in 20nm - 50nm, and it turns out that the playback output is also excellent. While the coercive force of a 

lagnetic layer becomes so high that Pt interlayer's thickness becomes thick, it turns out that coercive force also with 

le thin high thickness of 20nm from which coercive force high until now was not acquired is acquired. 

)02i] (Example 3;No.l2 -18) The presentation of a magnetic layer was set to Co68Crl5Ta4 Ptl3, thickness was 

hanged as shown in Table 3, and the vertical-magnetic-recording medium of the configuration of No. 12 -18 shown in 

able 3 like an example 2 was produced except having set an interlayer's quality of the material to Pd. These magnetic 

roperties and a playback output were measured by the same approach as an example 1, and were shown in Table 3. 

!onsequently, outstanding magnetic properties and the outstanding playback output were shown like the case of Pt of 

i example 2. 

)022] 

Table 3] 

£»£F3 3 < No. 12- 18) 
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>023] (Example 4;No.l9 -22) The presentation of a magnetic layer was set to Co68Crl5Ta4 Ptl3 5 thickness was set to 
)nm, the thickness of the interlayer of Pt was changed to 2.5nm - 20nm, and others produced the vertical-magnetic- 
cording medium shown in Table 4 like an example 2. These magnetic properties and a playback output were 
easured by the same approach as an example 1, and were shown in Table 3. Consequently, coercive force and a 
ayback output increased as the thickness of Pt increased. 
>024] 
able 4] 
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4 ( No. 19— 22) 
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)025] 

iffect of the Invention] According to this invention, it has the structure of having the interlay er who contains Pt and/or 
i between a soft magnetism layer and a magnetic layer, has high coercive force, and excels in record reproducing 
laracteristics, and the vertical-magnetic-recording medium suitable for high recording density can be obtained. 
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